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DESIGN AND DEMONSTRATION

OF A HIGH-TEMPERATURE, DEPLOYABLE,

MEMBRANE HEAT-PIPE RADIATOR ELEMENT

V. Trujillo, E. Keddy, and M. Merrigan

Los Alamos National Laboratory

ABSTRACT
Demonstration ot a high-temperature, deployable,

membrane heat-pipe radiator element has been conducted.
Membrane heat pipes offer’ the potential for compact storage. ease
of transportation, self-deployment, and a high specific radiator
performance (kg/kW), for use in thermal rejection systems for
space nuclear power plants, A demor~stration heat pipe &cm wide
and 100-cm long was fabricated, The heat pipe containment and
wick structure were made of stainless steel and sodium utilized as
the working fluid, The tests demonstrated passive deployment of
the high-temperature membrane raaiator, simulating a single
segment in a flat array, at a temperature of 800 K. Details of test
procedures and results of the tests are presented in this paper
together with a discussion of the design and development of a
full-scale, segmented, high-temperature, deployable membrane
heat pipe.

NOMENCLATURE
A Surface area, mz
Q Thermal power, W
E Normal total emissivity, dimensionless
u Stefan-Boltzmann constant, 5.67(10-8) W/rrI-K4

Subscripts
hp Heal pipe
Vc Vacuum chamber

INTRODUCTION
Future space missions and defense systems wili require

power supplles In the tens of megawatts range. At these power
levels the mass of th~ power system is dominated by the
thermal-rejection sub-system, which may be mow than tJO”/O of
the totai mass for a closed loop system, using conventional
Technology. As part et c~rren! programs for spac~ nuclea,
power, the technology of Ilghtweight, large-area, heat rejection
radiators with operating temperatures of greater than 600 K is
being investlgatod, Membrme heat pipes have been proposed as an



advanced radiator concept capable of significantly reducing the
system mass and voiume. These systems are expected to operate
maintenance free fo{ a period of 7 to 20 years. Large area
requirements have ied to the development of deployable heat pipe
structures for ease of transport to space. Current
state-of-the-art radiator designs provide a specific mass in the
range of 5 to 20 kg/m2. Membrane heat-pipe designs, utiiizing
aikaii metais as the working fiuids and metal foii for containment,
offer the potential for a specific r,ass of about 1.8 kg/m2 and a
mass-to-power ratio of approximately 0.04 kg/kW at 1000 K.

Seif-depioying radiators may be used for various
applications. in future space power systems such as in space
defense, systems may be operated for short periods followed by
long dormant periods. Under these conditions the heat pipes may
be roiied-up for compact storage and shieiding from space debris
and micrometeroids between operating periods. Space radiators
for continuously operating power systems may use
seif -depioyabie radiators without retraction c~pabii ities. They
may be rolled-up for compact storage during transportatbn in the
launch vehicle and then passiveiy depioyed during initial system
start-up. Passive deployment is achieved by the internai
pressure developed as the working fluid is brought to operating
temperature and thus requires no externai power source or
special purpose mechanism. This concept is shown in Fig. 1,
where a flat array of membrane hezt pipes, joined to form a sheet
structure, is roiied into a cylindrical configuration for transport
aboard the iaunch vehicle and unrolled in space to form the
radiator surface.

HEAT PIPE DEVELOPMENT AND FABRICATtON

A high-temperature, dep;oyabie, membrane heat pipe 100
cm long, with an 8-cm-wide radiator simulating a singie segment
in a flat array was fabricated and tested. Design operating
temperature was 1000K. Because of the operating temperatures,
metai foil was chosen for containment and sodium alkali metai as
the working fluid. The containment and wick were made of 304
stainless steei. The membrane radiator containment material was
0,0127 cm thick stainlesc steel foil. The fluid distribution
system consisted of a homogeneous slab wick structure, Two
layers of 100X100.mesh stainies$ steel screen were cut on a bias
and joirwd to devebp the wick. The evaporator was fabricated
stalniess steel t~b{ng. The heat input region was circuiar and the
transition zone betvvaen the hcmt input and foil condenser was
tapered from a circular to an oolong cross-seotion as shown on the
schematic in Fig.2.

Fabrlcatlon Procoduro
The fabrication procedure was begun by cutting the 304

stainless steel foil into two rectangular sheets, Two strips of
10OX100 mesh stainless steel screen (7,5-cm wide and 100-cm
long) were cut on a bias to allow greater flexibility of the wick
structure in the flexible condenser region. A series of spot
resistance welds were used to join the two strips of screen to form
the siab wick, The foil and wick were then chemically cleaned
with a caustic solution. Joining the wick to one sheet of foii was



Figure 1: Schematic of a flat array of membrane heat-pipes.
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accomplished by resistance welding with a bench seam welder.
The remaining sheet of foil was then joined to the foil/wick
assembly by seam welding the two foil sheets along the edges to
form the condenser envelope.

A 5.1 -cm diameter stainless steel tube with a 0.0889 cm
wall thickness was used for the evaporator. It was maintained
circular at the heat input region for ease of rf-induct!on heating.
The remaining tube length between the heat-input zone and the foil
condenser was tapered from a circular to an elliptic
CrOsS-SeCtiOnto achieve a smooth transition to the foil condenser
opening and thus reduce the amount of wrinkling of the foil in this
region. A wire cage type structure was placed in the
tube/foil-condenser cross-section interface to prevent the foil
from being drawn into ths evaporator while the heat pipe chamber
was being evacuated. Ths foil condenser was joined to the thicker
wall evaporator tube by fusion welding. The heat pipe was [hen
leak checked with a helium diffusion leak detector. When the
system was helium-leak tight, an end cap and fill tube were joined
to the assembly.

The heat pipe was vacuum degased by furnace heating at a
temperature of 1175 K for approximate!y one hour, and then
charged with a pre-determined volume of ~odium. The sodium was
transferred to the heat pipe by distillation with the apparatus
shown in the schematic on Fig.3, A photograph taken during
distillation is shown in Fig, 4, The following operations were
performed in sequence during the distillation process: 1) the
heaters on the calibrated volume were brought to temperature
allowing the sodium charge to melt, 2) the distillation pot was
evacuated, 3) after the volume of sodium was molten, the valves
wele manipulated to allow the sodium to be driven, by argon gas
pressure, from the calibrated volume to the distillation pot, 4)
the heaters extending from the distillation pot to the heat pipe
were brought to temperature to allow sodium distillation into the
evacuated heat pipe, Wet-in was accomplished by uniformly
heating the heat pipe in a vacuum furnace at a temperature of 975
K for a period of approximately 48 hours.

TEST PROCEDURE AND RESULTS

The heat pipe was placed in a vacuum chamber in fully
extended configuration, The circular portion of the evaporator
was placed inside an rf induction coil as shown in Fig,5, Heat pipe
operation at a temperature of 800 K was achieved by increasing
the power input, in small increments, until the thermal melt
front propagated from the evaporator to the end of the condenser,
The power was then shut down and the system allowed to cool. The
heat pipe was then removed from t~e vacuum chamber and the
radiator element was rolled to a diameter of approximately 20 cm,
and placed into the \acuum chamber in a fashion similar to the
previous operation, Power input to the evaporator was increaseJ
in small increments, As operating conditions were approached the
thermal front propagated from the evaporator to th ) rolled
radiator portion and deployment began in a smooth Collthwous
fashion, The extended portion of the mdlator assumed a
cylindrical configuration as shown ir~ the photogr[~phs during



&
VACUUM

ARGON
! TC6

HT#2

4
P

:5
T

A
DISTILLATION

POT

TC 1

JHEAT-PIPE

Figure 3: Schematic of set-up used to distill sodium into the heat-pipe.
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operation in Fig.6. Deployment began at a temperature of 700 K
and was completely extended at 800 K. Tests were conducted at a
peak temperature of 1000 K. Smooth deployment of the
membrane radiator may be attributed to the melting of the sodium
bond along the propagating thermal front, in addition the foii
becomes more ductiie in the heated region aiiowing the internai
pressure of the fiuid to expand the toii sheets. At peak power the
radiator eiement was dissipating approximately 3.0 kW to the
environment. Power dissipation was determined from radiative
transport between two diffuse concentric cyiinders [6] as in

Q=m@p(Thp 4-Tvc4)/[1/ehp+(Ahp/Avc)( l/Eve-1)] (1)

where the subscripts hp and vc refer to the heat-pipe and vacuLlm
chamber respectively.

There were nc start-up anomaiies apparent in the tests.
Depioyabie heat pipes offer the advantage of effectively having a
iow UD aspect ratio when initialiy in a roiied position so
generaiiy smooth start-up was expected. After fuii deployment of
the membrane radiator the system assumed normai heat pipe
operation in steady-state Concliiiurls.

PLANS FOR FUTURE WORK

The focus of this study was the demonstration of passive
deployment for a singie segment, high-temperature membrane
heat-pipe. in practicai designs several individual units may be
joined together to form a segmented array as shown in Fig.1. A
muiti-segment, deplayabie, high-temperature, membrane heat
pipu radiator is currentiy being investigated. The system wiil be
capabie of dissipating 20 kW of thermai power and consist of three
segments with overail dimensions of 30 cm wide and 183 cm long.
Heat input wiii be provided by rf induction heating, Metai foil for
containment and an aikaii metal as the working fiuid wiil be
utiiized.

Anaiyses have shown that for the given geometry and power
Ievei in a microgravity environment, the fluid mass flow
requirement can be satisfied with an artery/slab-wick
combination for the fiuid distribution system, The slab wick wiii
be made of iayers of 109XI 00 mesh stainiess steei screen cut on
the bias to aiiow for flexibility. Arteries wiii be formed by
foiding the ends of the siab wick and joining the iap to itseif by
resistance weiding, as shown in Fig.7, A stainiess steel
cy[indricai heiix wiil be inserted into the artery to assure artery
flexibility and prevent the artery waiis from collapsing when the
membrane-radiator is roiied,

Containment for the membrane radiator wili consist of
metai foil such as stainiess steel or nickei, Metai foils for
radiator containment as thin as 0.0025 cm are being investigated.
The artery/siab-wick fiuid distribution system wiii be joined to
the metai foil by resistance weiding and Ihe foil sheets wiii be
joined by seam weiding aiong the edges to form the radiator
enveiope. Because the extended portion of the radiator tends to
assume a cylindrical configuration, the foii adjacent to the seam
weid experiences an abrupt bend and is subject to iarge stresses.
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Figure 6: Photograph of membrane heat-@pe during operation a)evaporator/condenser
transition region, b)transition of oblong to circular cross-section c)view

form behind the evaporator with extended condenser d)side view of circular
Cmdensiw
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Figure 7: Cross-sect Ion of a single segment membrane radiator with
flexible arteries.



Alternative weld closure configurations are under investigation to
reduce the weld stresses.

Joining the radiator envelope to the thicker evaporator
wall will be acccmplis ‘led by a combination of resistance and
fusion welding. The evaporator will have a constant cross section
configuration with semi-cylindrical ends. This will allow for a
smoother transition from the rigid evaporator to the flexible
radiator and thus reduce the amount of wrinkling, A wire cage
type structuro will be placed in the evaporator/condenser
cross-section interface to prevent the foil from being drawn into
the evaporator during evacuation of the heat pipe chamber. The
testing procedure will be similar to that of the single segment
radiator element described in this paper.

CONCLUSION

Passive deployment has been demonstrated for a single
segment, stainless steel, membrane, heat-pipe radiator element,
at a temperature of 800 K. The tests showed that the radiator
element deployed in a continuous, uniform manner. Upon full
deployment of the membrane radiator the system assumed normal
heat pipe operation in steady-state conditions at temperatures up
to 1000 K. The tests indicate that opgration of a full-scab,
segmented model is achievable.

Membrane heat-pipe designs, utilizing alkali metals as the
working fluids and metai foil for containment, offer the potential
fer a specific mass cf about 1,8 kg/m2 and
of approximately 0.04 kg/kW at 1000 K.
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